Influenza virus nucleoprotein (NP) is associated with the genome RNA, forming ribonucleoprotein cores. To identify the amino acid sequence involved in RNA binding, we performed Northwestern blot analysis with a set of N-and C-terminal deletion mutants of NP produced in Escherichia coli. The RNA binding region has been mapped between amino acid residues 91 and 188, a stretch of residues that contains a sequence that is not only highly conserved among NPs from A-, B-, and C-type influenza viruses but also similar to the RNA binding domain of a plant virus movement protein.
Nucleoprotein (NP) of influenza virus binds to the viral genome RNA at an interval of 20 nucleotides and forms ribonucleoprotein (RNP) complexes. Purified NP from virions or cDNA-expressing Escherichia coli exhibits nonspecific cooperative binding to single-stranded RNA (15, 32) . In the early phase of virus infection, NP accumulates in the nuclei, and after RNA replication, it forms RNP complexes to be transported to the cytoplasm. NP plays regulatory roles in various steps of viral multiplication, such as transcription, replication, and virus maturation (reviewed in reference 17). In spite of its multiple regulatory roles in virus growth, little is known about the structure-function relationship of NP. Since no cluster of basic amino acid residues exists in the NP molecule, it is difficult to predict the RNA-binding site(s) simply from its amino acid sequence. In the present study, we identified a region of RNA binding on the NP molecule that includes a sequence similar to a portion of a plant virus movement protein (MP).
Wild-type and mutant NPs were prepared from E. coli expressing the respective recombinant NP cDNA under the control of a T7 promoterMT7 RNA polymerase expression system (30) . NP expression vector pETNP was constructed by inserting cDNA from the NP of influenza virus A/Puerto Rico/8/34 (A/PR/8/34) into pET3c at the BamHI site (Fig. 1) For Northwestern blotting, the wild-type and mutant NPs (2.7 pmol each) were purified by SDS-PAGE (8 to 16% polyacrylamide) ( Fig. 3A and C) and electroblotted onto nitrocellulose membranes. Influenza virus A/PR/8/34 (including 2.7 pmol of NP) was run in parallel as a control ( Fig. 3 [virion]). After blocking with phosphate-buffered saline containing 5% BSA and 0.1% Tween 20, the membranes were incubated in an RNA-binding solution (50 mM HEPES [N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid]-KOH [pH 7 .6], 5 mM MgCl2, 50 mM NaCl, 0.2% polyvinylpyrrolidone, and 0.02% Tween 20) containing 32P-v353 RNA (107 cpm/ml) for 1 h at room temperature. After washing with the RNAbinding solution containing 150 mM NaCl, the membranes were dried and processed for autoradiography on X-ray films or were processed for image analysis with BAS 2000 (Fuji fihm). Figure 3 shows one of the Northwestern patterns. 32P-v353 RNA bound to all six C-terminal deletion NP mutants (Fig. 3B) (9, 19, 23) . The completely identical nine-amino-acid stretch (169-GSTLPRR SG-177) between the A-and B-type influenza viruses is also included in this region (Fig. 4) .
Several lines of genetic and biochemical experiments suggest that NP plays regulatory roles in virus growth besides its structural role in building virions. A major regulatory role of NP in RNA synthesis is its implication in RNA chain elongation (13, 16) . In replication, a pool of soluble NP is required (28) . During virus maturation, matrix protein Ml binds to RNPs and exports them into the cytoplasm (22) . RNP-bound RNA polymerase may be repressed at this step (10, 11 FIG. 2. Structure and activity of NP and its deletion derivatives. The construction and expression of the N-and C-terminal deletion mutants of the NP gene are described in the text. The number added to the name of each truncated NP represents the amino acid residue of the C (C-terminal deletion mutants) or N (N-terminal deletion mutants) terminus. Because the exonuclease III digestion method was employed, the following extra amino acids, shown by wavy lines, were added to some deletion derivatives at either the C (RYRLLTKPERK LSWLLPR for dC458, IRGDPLESRGSGV for dC424, GGDPLES RGSGV for dC371, and VEGYRLLTKPERKLSWLLPR for dC188) or N (MA for dN91 and dN282) terminus. After amino acid sequence analysis, the first Met was found to be removed for all of the E. coli-expressed mutant NPs. The results of the RNA binding activity assay, shown in Fig. 3 (20) . The mutation is located at amino acid residue 162 within the RNA binding region identified in this study (Fig. 4) . Single-amino-acid substitutions at amino acid position 314 or 332 cause defects in the synthesis of cRNA (18, 21) . These sites are, however, not located within the RNA binding domain but are upstream of the region necessary for nuclear localization (amino acid residues 327 to 345) (6) . After sequence comparison between RNA-binding proteins, we found that a significant similarity exists in the RNA binding domains between influenza virus NP and MP of red clover necrotic mosaic dianthovirus (Fig. 4B) (Fig. 4B) , even though complete matches between four viruses were identified only at two residues, i.e., Gln-149 and Arg-156 of A/PR/8/34 NP.
After a search of similar sequences in the PIR and SWISSPROT protein databases with the FASTA program (25), we found a local similarity in the ribosomal protein S9 from Trypanosoma brucei (31.6% identity or 50% similarity in 38 consecutive amino acid residues) (4, 31) . S9 is considered to bind 18S rRNA and thereby supports folding for ribosome maturation (4) .
